Leaves, stems and whole plant of Ilex paraguariensis (yerba mate) were characterized in terms of their chemical composition and biological activities in order to determine which part of the plant is more interesting to develop bioactive formulations. The yerba mate samples contain at least five free sugars, five organic acids, eighteen fatty acids, one tocopherol, nine hydroxycinnamoyl derivatives and two flavonols. The leaves extract revealed the highest antioxidant activity, correlating with its highest levels of phenolic compounds. By contrast, the stems extract showed the highest antiinflammatory potential and was also the most potent against MCF-7 and HepG2 cell lines, probably due to the presence of other phytochemicals. The absence of hepatotoxicity of the extracts was confirmed in porcine liver primary cells. Although the yerba mate extracts have been widely studied, this report shows for the first time the distinct potentialities of each individual part of the plant.
Introduction
In the past decades, research has shown the potential exploitation of plant products as a source of new bioactive compounds for the production of nutraceuticals, functional foods, and food additives (Gil-Chávez et al., 2013) . Leaves, stems and flowers may present distinct biological activities (Dias et al., 2014) . Moreover, the study of plants used as infusions and other beverages has gained crescent significance in the scientific field, due to its proven constituents with bioactive potentials, well-being advantages and functional ingredients (Farzaneh & Carvalho, 2015) .
Ilex paraguariensis A. St. Hilaire, from the family of holy plants, Aquifoliaceae, is a South American tree that can reach 18 m in height, from which yerba mate is obtained (Márquez, Martínez, Guerra, Fariña, Boido & Dellacassa et al., 2013) . The powder made with yerba mate leaves and fine stems is widely consumed in Argentina, southern of Brazil, Paraguay and Uruguay, both as a source of caffeine in place of tea and coffee, and as a therapeutic agent due to its known pharmacological properties such as antioxidant, anti-inflammatory, antitumor, and weight reducing activities (Bracesco, Sanchez, Contreras, Menini, & Gugliucci, 2011) . It constitutes the basis for the preparation of some very traditional and popular beverages namely "chimarrão" (green dried leaves prepared with hot water), "tererê" (green dried leaves prepared with cold water) and mate tea (roasted leaves prepared with hot water or used to produce soft drinks) (Lima, Oliveira, Silva, Maia, Moura & Lisboa, 2014) .
Thus, the yerba mate production also represents an important economic activity for some South American countries, especially after the herb has gained worldwide recognition and research on its properties has extended to countries such as Korea, Japan, China and USA (Bracesco et al., 2011) . Argentina is currently the first exporter of yerba mate while Uruguay has the highest per capita consumption of 6-8 kg/person/year (Márquez et al., 2013) .
Recent studies, both in-vivo and in-vitro, have evidenced several therapeutic qualities of I. paraguariensis, including hepatoprotective (Tamura et al., 2013) , neuroprotective (Branco et al., 2013) , hypocholesterolemic (de Morais et al., 2009; Bravo et al., 2014) , diuretic and antirheumatic (Isolabella, Cogoi, López, Anesini, Ferraro & Filip, 2010) , anti-obesity (Lima et al., 2014) and antimicrobial (Martin, Porto, Alencar, Glória, Corrêa, & Cabral, 2013) effects, among others. Furthermore, the antioxidant (de Mejía, Song, Heck, & Ramirez-Mares, 2010; Peres, Tonin, Tavares & Rodriguez-Amaya, 2013; Blum-Silva, Chaves, Schenkel, Coelho & Reginatto, 2015; Boaventura et al., 2015b ) and anti-inflammatory (Tsai, Tsai, Wuc, Tseng & Tsai, 2010; Arçari et al., 2011 , Lanzetti et al., 2012 properties of aqueous yerba mate extracts have been extensively investigated. However, studies on the cytotoxic potential of I.
paraguariensis (de Mejía et al., 2010 , Boaventura et al., 2015a remain scarce. Besides, to the author's knowledge, there are no previous reports differentiating between individual parts of the plant, i.e., leaves and stems.
In the present work, leaves, stems and whole plant of I. paraguariensis (yerba mate) were characterized in terms of their chemical composition and in-vitro biological activities in order to determine which part of the plant presents better potential for developing bioactive formulations. The biological activities include antioxidant, antiinflammatory and cytotoxic potentials of methanol/water extracts, along with an assessment of its toxicity, tested in a primary cell culture of porcine liver cells.
Material and methods

Plant material
I. paraguariensis A. St. Hil. plant (dry leaves and stems, stored at vacuum) was purchased from a local market in Maringá city, Paraná (Brazil). The plant was collected during the January crop of 2013. This region of production presents subtropical climate, average altitude of 923.5 m and during 2012 the registered rainfall was of 80-180 mm (National Institute of Metrology, 2012) . Sampling consisted of 3 batches of 1 kg, collected at intervals of 10 days. The parts of the plant were separated through sieves to obtain leaves and stems. Afterwards, all samples (entire plant, leaves and stems) were grounded using an electric grinder and the standardization of granulometry was made by sieves of 20 mesh. The obtained powders were then mixed to guarantee the homogeneity of the samples, which were stored in a desiccator at room temperature (average 25 º C), and protected from light, until further analysis.
Standards and Reagents
Acetonitrile (99.9%), n-hexane (97%) and ethyl acetate (99.8%) were of HPLC grade from Fisher Scientific (Lisbon, Portugal). The fatty acids methyl ester (FAME) reference standard mixture 37 (standard 47885-U) was purchased from Sigma (St.
Louis, MO, USA), as also were, L-ascorbic acid, trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic trichloroacetic acid (TCA), Tris, and lipopolysaccharide (LPS). Phenolic compound standards were purchased from Extrasynthèse (Genay, France). Racemic tocol (50 mg/mL) and tocopherols (α-, β-, γ-, and δ-isoforms) were purchased from Matreya (Pleasant Gap, PA, USA). 2,2-Diphenyl-1-picrylhydrazyl (DPPH) was obtained from Alfa Aesar (Ward Hill, MA, USA). Fetal bovine serum (FBS), L-glutamine, Hank's balanced salt solution (HBSS), trypsin-EDTA (ethylenediaminetetraacetic acid), penicillin/streptomycin solution (100 U/mL and 100 mg/mL, respectively), RPMI-1640 and DMEM media were from Hyclone (Logan, Utah, USA). The Griess reagent system was purchased from Promega Corporation (Madison, WI, USA). Water was treated in a Milli-Q water purification system (TGI Pure Water Systems, Greenville, SC, USA).
Chemical characterization
Macronutrients composition and energetic contribution
The analyses of the nutritional composition (proteins, fat, carbohydrates and ash) were performed through standard procedures (AOAC, 2005) . The crude protein content (N × 6.25) of the samples was estimated by the macro-Kjeldahl method; the crude fat was determined by extracting a known weight of a powdered sample with petroleum ether, using a Soxhlet apparatus; the ash content was determined by incineration at 600±15 ºC.
Total carbohydrates were calculated by difference. Energy was calculated according to the following equation: Energy = 4 × (g protein + g carbohydrate) + 9 × (g fat), and further converted to kJ.
Hydrophilic compounds
Free sugars. Free sugars were determined with a high performance liquid chromatograph (HPLC) apparatus consisting in an integrated system with a pump (Knauer, Smartline system 1000, Berlin, Germany), degasser system (Smart line manager 5000) and an auto-sampler (AS-2057 Jasco, Easton, MD, USA), coupled to a refraction index detector (RI detector Knauer Smartline 2300) as previously described (Barros et al., 2013) . Organic acids. Organic acids were determined following a procedure previously described (Barros et al., 2013) . The analysis was performed using a Shimadzu 20A series UFLC (Shimadzu Coperation, Kyoto, Japan). Separation was achieved on a SphereClone (Phenomenex, Torrance, CA, USA) reverse phase C 18 column (5 µm, 250 mm × 4.6 mm i.d) thermostatted at 35 ºC. The elution was performed with 3.6 mM sulphuric acid with a flow rate of 0.8 mL/min. Detection was carried out in a DAD, using 215 nm and 245 nm (for ascorbic acid) as preferred wavelengths. The organic acids found were quantified by comparison of the area of their peaks recorded at 215 or 245 nm with calibration curves obtained with commercial standards of each compound (ascorbic acid; citric acid; malic acid; oxalic acid; quinic acid). The results were expressed as g per 100 g of dry weight.
Lipid composition
Fatty acids. Fatty acids were determined after a transesterification procedure as described previously (Barros et al., 2013) . The fatty acids profile was analyzed with a DANI 1000 gas chromatographer (GC) equipped with a split/splitless injector and a flame ionization detector (FID at 260 ºC). The separation was achieved using Tocopherols. Tocopherols were determined following a procedure previously described (Barros et al., 2013) . Analysis was performed by HPLC (equipment described above), and a fluorescence detector (FP-2020; Jasco) programmed for excitation at 290 nm and emission at 330 nm. The chromatographic separation was achieved with a Polyamide II (5 µm, 250 mm × 4.6 mm i.d.) normal-phase column from YMC Waters (Waters, Lisbon, Portugal) operating at 30 ºC. The mobile phase used was a mixture of n-hexane and ethyl acetate (70:30, v/v) at a flow rate of 1 mL/min. The compounds were identified by chromatographic comparisons with authentic standards. Quantification was based on the fluorescence signal response of each standard, using the IS (tocol) method and by using calibration curves obtained from commercial standards of each compound (α-, β-, γ-, and δ-isoforms). The results were expressed as mg per 100 g of dry weight.
Content of phenolic compounds
Methanol/water extracts: Extracts were prepared from the whole plant, leaves and µm (4.6 mm × 150 mm) column thermostatted at 35 °C was used. The solvents used were: (A) 0.1% formic acid in water, (B) acetonitrile. The elution gradient established was isocratic 15% for 5 min, 15% B to 20% B over 5 min, 20-25% B over 10 min, 25-35% B over 10 min, 35-50% for 10 min, and re-equilibration of the column, using a flow rate of 0.5 mL/min. Double online detection was carried out in the DAD using 280, 330 and 370 nm as preferred wavelengths and in a mass spectrometer (MS) connected to HPLC system via the DAD cell outlet (Barros et al., 2013) .
MS detection was performed in an API 3200 Qtrap (Applied Biosystems, Darmstadt, Germany) equipped with an ESI source and a triple quadrupole-ion trap mass analyzer that was controlled by the Analyst 5.1 software. Zero grade air served as the nebulizer gas (30 psi) and turbo gas for solvent drying (400 ºC, 40 psi). Nitrogen served as the curtain (20 psi) and collision gas (medium). The quadrupols were set at unit resolution.
The ion spray voltage was set at -4500V in the negative mode. The MS detector was programmed for recording in two consecutive modes: Enhanced MS (EMS) and enhanced product ion (EPI) analysis. EMS was employed to show full scan spectra, so as to obtain an overview of all of the ions in the sample. Settings used were:
declustering potential (DP) -450 V, entrance potential (EP) -6 V, collision energy (CE) -10V. EPI mode was performed in order to obtain the fragmentation pattern of the parent ion(s) in the previous scan using the following parameters: DP -50 V, EP -6 V, CE -25V, and collision energy spread (CES) 0 V. Spectra were recorded in negative ion mode between m/z 100 and 1000.
The phenolic compounds were identified by comparing their retention times, UV-vis and mass spectra with those obtained with standard compounds, when available.
Otherwise, compounds were tentatively identified comparing the obtained information with available data reported in the literature. For quantitative analysis, a calibration curve for each available phenolic standard (caffeic acid, chlorogenic acid, kaemferol-3-O-rutinoside, quercetin-3-O-rutinoside, rosmarinic acid) was constructed based on the UV signal. For the identified phenolic compounds for which a commercial standard was not available, the quantification was performed through the calibration curve of another compound from the same phenolic group. The results were expressed as mg per g of extract.
Evaluation of bioactive properties
General
Methanol/water extracts (prepared according to the previous section) were re-dissolved in methanol/water (80:20, v/v, 1 mg/mL for antioxidant activity evaluation and 8 mg/mL for anti-inflammatory and cytotoxicity screening). The final solutions were further diluted to different concentrations for being submitted to the following in vitro assays.
Antioxidant activity
DPPH radical-scavenging activity was evaluated by using an ELX800 microplate reader (Bio-Tek Instruments, Inc; Winooski, VT, USA), and calculated as a percentage of DPPH discoloration using the formula: [(A DPPH -A S )/A DPPH ] × 100, where A S is the absorbance of the solution containing the sample at 515 nm, and A DPPH is the absorbance of the DPPH solution. Reducing power was evaluated by the capacity to convert Fe 3+ into Fe 2+ , measuring the absorbance at 690 nm in the microplate reader mentioned above. Inhibition of β-carotene bleaching was evaluated through the β-carotene/linoleate assay; the neutralization of linoleate free radicals avoids β-carotene bleaching, which is measured by the formula: β-carotene absorbance after 2 h of assay/initial absorbance) × 100. Inhibition of lipid peroxidation in porcine (Sus scrofa) brain homogenates was evaluated by the decrease in thiobarbituric acid reactive substances (TBARS); the color intensity of the malondialdehyde-thiobarbituric acid (MDA-TBA) was measured as its absorbance at 532 nm; the inhibition ratio (%) was calculated using the following formula: [(A -B)/A] × 100%, where A and B were the absorbance of the control and the sample solutions, respectively (Barros et al., 2013) .
Trolox was used as positive control and the results were expressed as EC 50 values (sample concentration providing 50% of antioxidant activity or 0.5 of absorbance in the reducing power assay) in µg per mL of extract.
Anti-inflammatory activity
Cells treatment. For the anti-inflammatory activity assay, the methanolic extracts were dissolved in water, and concentrated to 8 mg/mL. For the various assays, the extracts were then submitted to further dilutions from 8 mg/mL to 0.125 mg/mL.
The mouse macrophage-like cell line RAW 264.7 was cultured in DMEM medium supplemented with 10% heat-inactivated foetal bovine serum, glutamine and antibiotics at 37 °C under 5% CO 2 , in humidified air. For each experiment, cells were detached with a cell scraper. In the experiment cell density of 5×10 5 cells/mL was used, and the proportion of dead cells was less than 5% according to the Trypan blue dye exclusion test. Cells were seeded in 96-well plates at 150,000 cells/well and allowed do attach to the plate overnight. Subsequently, cells were treated with the various concentrations of each extract for 1 h. Dexamethasone (50 µM) was used as a positive control for the experiment. The following step was the stimulation with LPS (1 µg/mL) for 18 h. The effect of all the tested samples in the absence of LPS was also evaluated, in order to observe if they induced changes in Nitric oxide (NO) basal levels. In negative controls, no LPS was added. Both extracts and LPS were dissolved in supplemented DMEM (Corrêa et al., 2015) .
Nitric oxide determination. For the determination of nitric oxide, a Griess Reagent
System kit was used, which contains sulphanilamide, N-(1-napthyl)ethylenediamine hydrochloride (NED) and nitrite solutions. A reference curve of nitrite (sodium nitrite 100 µM to 1.6 µM; y=0.0066x+0.1349; R 2 =0.9986) was prepared in a 96-well plate.
The cell culture supernatant (100 µL) was transferred to the plate and mixed with sulphanilamide and NED solutions, 5-10 minutes each, at room temperature. The nitric oxide produced was determined by measuring the absorbance at 540 nm (microplate reader ELX800 Biotek), and by comparison with the standard calibration curve (Corrêa et al., 2015) . The results were expressed in EC 50 values (µg/mL), which correspond to the sample concentration providing 50% of inhibition of nitric oxide (NO) production.
Cytotoxicity in human tumor cell lines
Four human tumor cell lines were used: MCF-7 (breast adenocarcinoma), NCI-H460
(non-small cell lung cancer), HeLa (cervical carcinoma) and HepG2 (hepatocellular carcinoma). Cells were routinely maintained as adherent cell cultures in RPMI-1640 medium containing 10% heat-inactivated FBS and 2 mM glutamine (MCF-7, NCI-H460
HeLa and HepG2 cells), at 37 ºC, in a humidified air incubator containing 5% CO 2 .
Each cell line was plated at an appropriate density (7.5×10 3 cells/well for MCF-7 and NCI-H460 or 1.0×10 4 cells/well for HeLa and HepG2) in 96-well plates. The sulforhodamine B assay was performed according to a procedure previously described by the authors (Barros et al., 2013) . Ellipticine was used as positive control and the results were expressed as GI 50 values (sample concentration that inhibited 50% of the net cell growth) in µg per mL.
Cytotoxicity in non-tumor liver cells primary culture
slaughter house, according to a procedure established by the authors (Abreu et al., 2011) ; it was designed as PLP2. Cultivation of the cells was continued with direct monitoring every two to three days using a phase contrast microscope. Before confluence was reached, cells were subcultured and plated in 96-well plates at a density of 1.0×10 4 cells/well, and commercial in DMEM medium with 10% FBS, 100 U/mL penicillin and 100 µg/mL streptomycin. Ellipticine was used as positive control and the results were expressed as GI 50 values (sample concentration that inhibited 50% of the net cell growth) in µg per mL.
Statistical analysis
Three samples were used for each preparation and all the assays were carried out in triplicate. The results are expressed as mean values and standard deviations (SD). The results were analyzed using one-way analysis of variance (ANOVA) followed by
Tukey's HSD test with α = 0.05. This treatment was carried out using the SPSS v. 22.0 program.
Results and discussion
Nutritionally characterization
The I. paraguariensis whole plant, leaves and stems were nutritionally characterized, and the results are presented in (2015) found a higher value (6 g/100 g dw) in commercial yerba mate powder.
However, the cited authors found distinct values with respect to protein and carbohydrate contents of I. paraguariensis leaves. As expected, all samples showed low energy density. No significant differences was found regarding the energetic contribution of whole plant and leaves samples (1666 kJ/100 g dw and 1668 kJ/100 g dw, respectively), with a slightly inferior value corresponding to the stems sample.
The yerba mate samples of whole plant, leaves and stems were also characterized in terms of hydrophilic ( Table 2 ) and lipophilic (Table 3) compounds.
Regarding the free sugars composition, it was possible to quantify five distinct compounds in the three samples: fructose, glucose, sucrose, trehalose and raffinose. The whole plant and leaves presented the highest content in total free sugars, with no statistical differences between them. However, the leaves showed the highest contents of sucrose, trehalose and raffinose, while the whole plant presented the highest content in glucose and the stems the highest levels of fructose. Chlamtac (1955) , in a pioneer study, identified glucose, sucrose, raffinose and levulose in I. paraguariensis leaves.
Besides, Reis et al. (2015) reported lower values of fructose and sucrose (0.9 g/100 g dw and 1.5 g/100 g dw, respectively), added to a slightly higher content of glucose (1.3 g/100 g dw) in yerba mate powder.
It was possible to quantify five different organic acids: oxalic, quinic, malic, ascorbic and citric acids ( Table 2 ). The whole plant presented the highest content in all the identified organic acids, followed by the leaves and, finally, the stems. Arçari et al.
(2011) also identified quinic acid in yerba mate using UPLC-MS. Though, as far as we know, data referring to I. paraguariensis organic acids profile are very scarce.
The percentages of the fatty acids detected in the yerba mate, including total saturated fatty acids (SFA), monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids (PUFA) levels are shown in Table 3 . Up to 18 fatty acids were detected and quantified, being α-linolenic acid (C18:3n3, PUFA) the main fatty acid found in all samples.
Nevertheless, the levels of this fatty acid found in the stems were considerably lower than those found for the whole plant and leaves, whereas the latter presented the highest content of this compound. The second major fatty acid detected was palmitic acid (C16:0, SFA), the stems presenting the highest content, followed by the whole plant.
The studied yerba mate samples also showed relevant contents in linoleic (C18:2n6c, PUFA), oleic (C18:1n9, PUFA) and stearic (C18:0, SFA) acids. Reis et al. (2015) found a much higher content of palmitic acid (49%), and consequently a lower content of α-linolenic acid (34%), in yerba mate powder. However, those authors reported an oleic acid level (6.5%) similar to the one found for the herein studied stems. These differences could be related with the natural variability inherent to samples grown under different environmental conditions.
In all I. paraguariensis samples, PUFA predominated over MUFA due to the significant contribution of α-linolenic and linoleic acids. The leaves revealed the highest content in PUFA, while the stems presented the highest level of MUFA and SFA.
Over the last two decades, the two major indices used to evaluate nutritional quality of the lipid fraction of food have been the PUFA/SFA and n-6/n-3 ratios. A diet with low values of PUFA/SFA is not appropriate once it favours an increase in blood cholesterol.
On the other hand, the n-6/n-3 ratio is recommended to be low, in order to avoid the prothrombotic and proagregatory state induced by a high level of n-6 PUFA (Lira, Silva, Figueirêdo & Bragagnolo, 2014) . Thus, for health beneficial effects PUFA/SFA ratios should be higher than 0.45, while n-6/n-3 fatty acids ratios should be lower than 4.0 (Dias et al., 2014) , as it is observed in the present study for all studied samples (Table 3) .
However, the criterion of the PUFA/SFA and n-6/n-3 ratios should not be considered alone because, among other factors, it does not take into account the beneficial effects of monounsaturated fatty acids and 18:0, in spite of the latter being a saturated fatty acid (Lira et al., 2014) . For this reason, the IA and IT indices, as well as the ratio between H/H, were calculated for all the yerba mate samples ( Table 3 ). The I. paraguariensis leaves showed the lowest values of both IA and IT indices, followed by the whole plant.
Lower values of the couple IA and TI indices imply a better nutritional quality of the fatty acids; thus, diets with low IA and TI values could potentially diminish the risk of coronary heart disease (Filho, Ramos, Hiane & Souza, 2010) . Furthermore, the yerba mate leaves also presented the highest value of h/H ratio among the tested samples, once again followed by the whole plant. Higher h/H ratios are also considered advantageous (Hosseini et al. 2014) , by virtue of the specific effects of fatty acids on cholesterol metabolism.
Regarding the tocopherols composition, all I. paraguariensis samples presented only α-tocopherol isoform ( Table 3) . The leaves showed the highest contents, while the stems presented a much lower level when compared with the other two samples. The presence of vitamin E in yerba mate leaves was also reported by Jacques, Freitas, Peres, Dariva, Oliveira & Caramão (2006) , although the levels were much lower (8.3 mg/100 g dw) than those determined herein. Once more, the differences could be related with the different origin of the samples and inherent environmental conditions.
Characterization of non-nutrients
The phenolic chromatographic profile of I. paraguariensis leaves (methanol/water extract) recorded at 280 and 370 nm is shown in Figure 1 . Compound characteristics, tentative identities and quantitative results are presented in Table 4 . Eleven compounds were detected, nine of which were phenolic acids and two flavonol derivatives. -(45% of base peak), this was barely detectable (3% of base peak) in compound 11.
According to Clifford et al. (2005) , these features would allow assigning peaks 8 and 11
as 3,4-O-dicaffeoylquinic acid and 4,5-O-dicaffeoylquinic acid, respectively. These identifications were also confirmed by different authors who have studied I. paraguariensis preparations (Anesini et al., 2012; Peres et al., 2013) .
The remaining three compounds were also assigned as caffeic acid derivatives as pattern (Ruan, Li, Li, Luo & Kong, 2012) , different to the one observed herein. Thus, peak 6 was tentatively assigned as salvianolic acid I, a compound that had been already identified in samples of Salvia officinalis analyzed in our laboratory . Finally, no definite structure could be assigned to peak 2 ([M-H] -at m/z 375), which was just designated as a caffeic acid derivative. To the best of our knowledge, none of these compounds have been previously described in I. paraguariensis
In general, among the analyzed samples, the leaves were the richest part of most of the detected phenolic compounds closely followed by the whole yerba mate plant, whereas the stems were much poorer.
Actually, yerba mate is known to be an especially rich source of caffeic acid derivatives and chlorogenic acids, which are considered responsible for potential bioactive properties. Bracesco et al. (2011) 
Bioactivity of the I. paraguariensis extracts
The in vitro antioxidant, anti-inflammatory (NO production inhibition) and cytotoxic properties of the methanol/water extracts of yerba mate whole plant, leaves and stems were evaluated, and the results are given in Table 5 .
The leaves extract revealed the highest reducing power, DPPH scavenging activity and lipid peroxidation inhibition in brain homogenates, followed by the whole plant extract that presented the highest β-carotene bleaching inhibition. However, the stems extracts showed the least intense antioxidant capacity in all assays, which correlates with their lower levels of phenolic compounds.
Several authors evaluated the antioxidant activity of I. paraguariensis extracts (de Mejía et al., 2010; Peres et al., 2013; Blum-Silva et al., 2015) , though they have used different methods or expressed their results in distinct units, making it impossible to compare them with our results. Berté et al. (2011) reported a much lower DPPH scavenging activity for an aqueous spray-dried extract of yerba mate from Brazil (EC 50 value 2520 µg/mL) than the one determined herein. Bassani, Nunes & Granato (2014) attested that the total content of phenolic compounds was strongly correlated with the free radical scavenging activity towards DPPH radicals. Likewise, Anesini et al. (2012) showed that chlorogenic and caffeic acids as well as the flavonoid rutin present in aqueous extracts of I. paraguariensis samples contributed directly to the antioxidant activity detected, by preventing lipid peroxidation. Accordingly, the higher antioxidant capacity presented by the leaves extract in comparison with the other samples could be explained by its higher content in phenolic compounds (Table 4) .
Ilex paraguariensis extracts revealed a dose-dependent potential anti-inflammatory activity, with a relevant decrease of nitric oxide (NO) production even in the presence of low concentrated extracts (data not shown). The stems extract showed the highest anti-inflammatory activity (lowest EC 50 value), followed by the whole plant extract (Table 5 ). Owing to their lower level of phenolic compounds, the superior antiinflammatory capacity exhibited by the yerba mate stems could be supposed to be due to other phytochemicals rather than or in addition to phenolic compounds. Recently, several studies have proposed the use of I. paraguariensis aqueous extracts for management of obesity due to its action on reducing obesity-associated inflammation (Tsai et al., 2010; Arçari et al., 2011; Lima et al., 2014) . Furthermore, Lanzetti et al. Results on the effects of the assayed extracts of I. paraguariensis on the growth of four human tumor cell lines (MCF-7, NCI-H460, HeLa and HepG2) are presented in Table   5 , expressed as concentrations that caused 50% of the cell growth inhibition (GI 50 ). The yerba mate stems extract was again the most potent against MCF-7 and HepG2 cell lines, while no statistical significant differences were found between samples against NCI-H460 and HeLa cells. Several investigations have been conducted on the anticancer potential of yerba mate tea, including comparisons with other teas such as green tea, and it is believed to possess high anticancer potential (Heck & de Mejía, 2007 
